extremes of urinary volume and pH were determined for 24 hour urines from one normal individual. A brief preliminary study was made of the metallic spectrum in single specimens of urine from hospitalized African natives. Finally, metal concentration was measured in consecutive 24 hour urines from hypercholesterolemic patients before, during and after the parenteral administration of the chelating agent, disodium calcium ethylenediaminetetraacetate, which had been observed to lower the level of cholesterol in human plasma (1) .
METHODS
Prelimintary qutalitative uirinalysis. In order to select the metals to be assayed, 40 single urine specimens from different subjects were analyzed qualitatively. Half of. the samples were obtained from normal individuals and half from hospitalized patients with atherosclerosis and hypertension. The urines were evaporated to approximately one-twentieth of their original volume, after which most of the organic material was oxidized with hydrogen peroxide. The residues were then dried, mixed with an approximately equal amount of graphite, and burned to completion in a direct current arc. The photographed spectra were examined, several levels of intensity being provided for each sample by use of a rotating step-sector disc.
As was expected, magnesium and calcium were always found, strontium was present in all except seven samples, but barium was not identified. Aluminum was also invariably found. Boron was excreted by one patient, a 63 year old hypertensive female whose urine contained boron both before and after she was treated with hydralazine. Every element of the first transition series from titanium to copper was identified in more than one sample, although cobalt was present only twice and then in barely detectable traces. Molybdenum and silver were the only heavier transition elements found. Zinc, cadmium, tin and lead were the only additional nontransition metals detected aside from the alkali metals.
Chemical concentration. A homogeneous 200 ml. aliquot of each 24 hour urine sample was measured into a 400 ml. glass Berzelius beaker containing a glass stirring 1452 rod and glass beads. All glassware used in the analysis was rendered metal-free by special cleaning to be described. Approximately 10 ml. of redistilled contcentrated nitric acid was added to the beaker which was then covered with a watch glass. The mixture was boiled cautiously for several hours until its volume was reduced to about 10 ml. An additional 20 ml. of the acid was carefully added, and the mixture was again boiled to a volume of 10 ml. If the solution remained dark, 10 to 20 ml. more of the acid was added to complete the oxidation of organic matter. Except for urines with considerable amounts of protein, a total of 50 ml. of redistilled concenttrated nitric acid was adequate to produce 10 ml. of a clear amber solution. A maximum of 50 ml. of redistilled coitcentrated hydrochloric acid was then cautiously added, in several portions, to the hot nitrated residue in order to reduce the excess nitric acid and to convert the nitrates to chlorides. After each addition the resulting solution was once again carefully boiled down to a volume of 10 ml. Wheni reduction was complete a very pale yellow color replaced the original red or orange color. The cool solution was diluted to 150 ml. with redistilled metal-free water. An internal standard consisting of 1.00 ml. of 0.00200 per cent aqueous cobalt was added. As a carrier for precipitataion and as a matrix for ignition, 5.0 ml. of 0.5 per cent aqueous aluminum oxide was also added.
The remainder of the chemical concentration was as described by Mitchell Spectrographic analysis. The filter paper containing the washed precipitate was packed in a covered metal-free platinum crucible and placed in a muffle furnace. The temperature of the furnace was raised to just above 1000 C. and kept there until the paper and the precipitate were nearly dry. The temperature was then increased to 420 to 4250 C. and kept there for no more than six hours, after which time the filter paper was virtually gone. Because of the volatility of cadmium, great care was taken to keep the time and temperature of heating to a minimum. After cooling, the residue was ground in a metal-free agate mortar with an approximately equal portion of graphite powder. Approximately 10 mg. of the ash and graphite sample was placed in the crater of a sample electrode which was made the cathode in an 8 ampere direct current arc. The electrode gap was made 5 mm. and the region of the arc 1 mm. above the cathode was focused on the collimeter of an ARL 1.5 M. grating spectograph with a slit width of 50,A. During the entire 25 seconds of burning, the spectrum from 2,250 to 4,500 A was photographed on Eastman SA No. 1 film, each roll of which was calibrated by the two-step method. The film was developed for three minutes in D-19 developer, immersed for 15 seconds in 3 per cent acetic acid, fixed for seven minutes in Kodak Acid Fixer, and washed for 10 minutes in running water, all at 200 C. The percentage transmissions for each of the lines indicated in Table I and of the chromium line at 4,254.3 A were determined on a densitometer, and after correction for background the values obtained were converted to intensity ratios with respect to the 3,334.1 A cobalt line. In order to increase accuracy, each sample of ash and graphite was burned in duplicate.
Equiptentt anid reagentts. Metal-free equipmentt was prepared by rendering it visibly clean with detergent and allowing it to stand overnight in equal parts of concentrated nitric and sulfuric acids. Each piece was then successively rinsed a half-dozen times in tap water, in distilled water, and in the redistilled metal-free water described below, after which it was allowed to dry in air under a Parafilm® cover. All glass and polyethylene equipment which came in contact with the original urine, with aliquots at any stage in the analytic procedure, or with metalfree reagents was so treated to render it metal-free. All reagents and urines were stored in polyethylene containers. All distilling apparatus was made entirely of glass.
Redistilled mnetal-free water was prepared by putting doubly distilled water through an ion exchange resin.
All water used in the preparation of reagents was purified in this manner and had a conductivity of less than 1.0 micromho.
Redistilled concentrated nitric acid and redistilled contcentrated hydrochloric acid were prepared by twice distilling concentrated analytic reagent grade acid. Approximately 15 and 9 normal acids were obtained, respectively. Enough nitric acid to perform a large number of analyses was prepared and pooled so that it would not prove a source of short term variation. %. Control data for assay. In order to be certain that the reagents and equipment introduced no positive contamination, an artificial urine without organic components was prepared. Redistilled metal-free water was made 0.10 molar with respect to sodium chloride, 0.050 molar with respect to potassium chloride, and 0.010 molar with respect to both magnesium and calcium chlorides. To four separate 200 ml. aliquots of the artificial urine, 50 ml. of redistilled concentrated nitric acid and then 50 ml. of redistilled concentrated hydrochloric acid were added. Thereafter each of the four samples was assayed for manganese, lead, molybdenum, vanadium, cadmium, tin, zinc, titanium, silver, nickel and chromium, in the manner described. Using the lines indicated in Table I In order to obtain standard working curves from which the metal concentrations in actual urines could be determined, known quantities of 11 metals were added to the previously mentioned artificial urine. Under the head- Figure 1 . At least eight pairs of values were available for the standard working curve of each metal, except titanium which was therefore omitted from the figure. All of the standard working curves approximated straight lines over the ranges examined. All also closely approached the expected unit slope, except lead which deviated markedly and zinc and molybdenum which deviated slightly therefrom. In order to determine the accuracy and reproducibility of the assay, urine was collected directly into a large metal-free polyethylene bottle by several apparently normal laboratory workers. An aliquot was analyzed and found to contain no detectable cobalt. The mean concentration of each of the 10 metals, including titanium, was determined by the method outlined. The results of the initial duplicate assay are listed at the top of Table II . Below are tabulated the known amounts of each metal which were then added to the pool. After the additions, 10 separate 200 ml. aliquots were assayed. The experimentally determined mean metal concentration after the additions and the standard error of that mean are indicated for each metal. The coefficients of variation for the 10 replicate assays were calculated from these data and were found to vary from 5 to 6 per cent for cadmium, zinc and silver, to 25 to 30 per cent for vanadium and titanium.
Collection and assay of 24 hour urines. With precautions to avoid contamination, 24 hour urine samples were collected directly into wide-mouthed, metal-free gallon jars to which no preservative had been added. Immediately after additions, the jars were carefully covered with Parafilm®. No funnels were used. As soon as 24 hour collections had been completed, homogeneous 600 ml. aliquots were transferred to mwzetal-free polyethylene containers for storage at 20 C. until analysis. The volume of the remaining urine was measured, its specific gravity and pH were determined, and a quantitative estimate of its protein concentration was made with Esbach's picric acid reagent.
Despite distillation, nitric acid remained the most likely source of positive contamination. Therefore a single pooled batch of the acid was used for all urines from the normal Americans. A second batch was used for all urines from four of the hypercholesterolemic patients and a third batch for urines from the remaining patients. Each of these batches of acid was made and analyzed as previously described; no 50 ml. aliquot was found to contain any of the nine elements considered here.
A total of 144 urines were each assayed for nine metals; thus, 1,296 pairs of intensity ratios were determined. Each pair of ratios was averaged and then converted to micrograms of metal per liter of urine. In 88 instances the conversion required extrapolation since the averaged intensity ratio exceeded the range covered by the appropriate standard working curve. Extrapolation assumed continued linearity of the standard working curves and was only permitted when the per cent transmission of the lines of both the internal standard and the element in question were between 5 and 75 per cent. Extrapolated values cannot be considered absolute, but they suggest relative concentrations. No extrapolation was needed for vanadium, cadmium or tin; and it was only necessary once for manganese and once for silver. One of the normal Americans and seven of the hospitalized Africans had more urinary nickel, and four of each group had more urinary molybdenum, than could be assayed without extrapolation. Although the normal zinc excretion was confined to the range covered by the standard working curve, the zincuria during the intravenous administration of disodium calcium ethylenediaminetetraacetate required extrapolation for 42 of 50 urines. It was the lead assay which was the most disturbing, however. The two unpaired intensity ratios for 220 ,g. lead per L. (Table I) suggest that the standard working curve remained linear at least to that concentration. Two urines from normal Americans and 26 urines from seven of the eight hypercholesterolemic patients required extrapolation beyond this extension of the standard workinlg curve for lead.
Although quantitative data on the excretion of titanium and chromium are not cited, intensity ratios for the 3,372.8 A titanium line and for the 4,254.3 A chromium line suggested the approximate concentrations of these two metals. The intensity ratio was also determined for the cadmium line at 2,288.0 A because it was about five times as sensitive as the line at 3,261.1 A, but reproducibility was poor.
MATERIAL
One 24-hour urine specimen was collected by each of 24 apparently normal individuals. Ten were Negroes, of whom six were female. Among the 14 non-Negroes, four were female; two of the four were in the last trimester of pregnancy. The ages ranged from four to 69 years with two being in the first, two in the second, nine in the third, six in the fourth, one in the fifth, two in the sixth, and two in the seventh decade of life. To minimize environmental differences the sexagenarians were the grandfathers of the two youngest children, both of whom were boys. Nine individuals were laboratory workers, seven were other professional people, five were students, and three were housewives. Each continued to eat his regular diet and to continue his usual daily activities during the collection period. All were working and none was hypertensive. Each urine was examined for proteinuria, but none was found. The collected urines were individually assayed for metals as described.
Six consecutive 24 hour urine specimens were collected by one normal 24 year old white male physician while he was eating his regular diet and working in the laboratory. He collected six more specimens under similar conditions at various other times. The interval between the first and last of these collections exceeded two years. The same individual collected 12 additional 24 hour urine specimens under conditions designed to produce acidic, basic, concentrated and dilute urines. Four consecutive 24 hour urine specimens were collected during a four day period when 12 Gm. of ammonium chloride was ingested daily. Similar collections were made during a four day period when 12 Gm. of sodium bicarbonate was ingested daily. A pair of consecutive collections was obtained during a two day period of restricted fluid intake. Similar collections were made durinig a two day period when fluids were forced. In none of the 24 specimens collected by this individual was protein demonstrated.
In Usumbura, Ruanda-Urundi, Africa, single urine specimens of more than 100 ml. were collected directly into wide-mouthed, metal-free, 6 ounce polyethylene bottles. The 12 subjects were all hospitalized normotensive natives between the ages of 17 and 34 years. Half were male. None was more than superficially exposed to Western civilization. The major diagnoses were idiopathic epilepsy and unexplained anemia in three each, parasitic infestation in two, and bacterial pneumonia, mitral disease, tuberculous peritonitis, and bronchial asthma in one each. The urines were assayed as described except that 100 rather than 200 ml. aliquots were used. Since the full amount of internal standard was added, the concentration of cobalt was relatively high. An assay was considered unsatisfactory, and therefore repeated, unless the transmission of the internal standard line was less than 40 rather than 75 per cent.
Two to four consecutive 24 hour urine specimens were collected directly into metal-free gallon bottles by eight patients with hypercholesterolemia. Over an approximately three hour period during the next day, seven of the patients received 1.0 Gm. of intravenous disodium calcium ethylenediaminetetraacetate (Na2CaEDTA) dissolved in 500 ml. of 5 per cent glucose in water. On the subsequent three to nine days, each of these seven patients received 3.0 Gm. of Na2CaEDTA given in the same manner. The eighth patient received 3.0 Gm. of Na2CaEDTA for two days and 4.0 Gm. on the third day as described (3) . During the entire period of chelate administration and in four cases for one or two days thereafter, consecutive 24 hour urine specimens continued to be collected in metal-free bottles. The patients ranged in age from 21 to 63 years. Three were women and one was a Negro. None was on a diet, nor was any receiving other drugs. The primary diagnosis of five was atherosclerosis with objective evidence of involvement of the coronary arteries; the three other major diagnoses were lead poisoning, pseudobulbar palsy and nephrosis. None had hypertension. Only the nephrotic patient had proteinuria; his urine contained from 1.6 to 3.2 Gm. of protein per L. (3). Before chelate therapy the concentration of cholesterol was measured in the plasma of each patient; it ranged from 265 to 460 mg. per 100 nil.
At least one subsequent level was obtained for eachl patient while he was receiving Na2CaEDTA. For three patients levels were followed daily before, during and after Na2CaEDTA administration. The collected urinies were assayed as described. * In order to define the metal excretion as completely as possible, the mean concentration with its standard error and the range of concentration with the number of specimens too dilute for accurate assay are tabulated in each of the three parts of the table. A < preceding a mean value indicates that at least one of the individual values was too small to determine accurately. For instance, the mean cadmium excretion is given as < 12.7 pg. per L. for the 24 normal Americans. The fifth row of figures indicates that seven of the samples contained less than the minimum accurately measurable amount, approximately 7.0 pg. per L. In calculating the mean of 12.7 pg. all 24 samples were considered, and the maximum value of 7.0 pg. was assigned to the seven cadmium-poor urines. Obviously the resultant mean is also a maximum value; however, it is smaller and therefore closer to the actual value than the mean of the 17 urines with measurable cadmium. For the female, male, Negro and non-Negro rows in Part I a superscript following a mean value indicates the number of samples too dilute to assay which went into calculation of that particular mean. Thus five of the ten female subjects had less urinary cadmium than could be accurately determined. Except for the Africans such uncertain means are confined to cadmium, manganese and vanadium.
RESULTS

Part I of
in which a metal was too dilute to assay are also given. The average daily urine volume was 1,410 ml. Part I further compares the metal excretion of females and males, of Negroes and non-Negroes, and of children and old men. The tabulated data suggest no marked sex or race differences. Although not indicated in the table, none of the four white females excreted a measurable amount of vanadium. The urines of the patients in their teens and their fifties did not confirm the suggestive differences between the urines of the boys and their sexagenarian grandfathers with respect to cadmium, vanadium and lead excretion. The urines of the two pregnant women were not remarkable.
Part II of Table III lists the mean concentrations of the same metals in 12 "ordinary" 24 hour specimens from one normal adult. The standard error of the mean, the range of concentrations, and the number of samples in which a metal was too dilute to assay are also tabulated. The average daily urine volume was 1,590 ml. No change was evident in excretion pattern over the two years during which collections were made. Part II further compares the metal excretion in acidic and basic urine and in concentrated and dilute urine. On the four days during which ammonium chloride was ingested, urinary pH's were 5.7, 5.2, 4.6 and 4.4, respectively. On the four days during which sodium bicarbonate was ingested, urinary pH's were 7.1, 7.3, 7.9 and 7.7, respectively. Because the effect of the maximum pH change was sought, only the final two days of each period were included in the table. The urine volumes for these final two day periods were 2,730 and 2,640 ml. for the acidic and basic urines, respectively. The 24 hour volumes of the two concentrated urines were 675 and 725 ml., their specific gravities were 1.027 and 1.028, and their pH's were 6.0 and 6.1. The 24 hour volumes of the two dilute urines were 4,350 and 4,075 ml., their specific gravities were 1.002 and 1.003, and their pH's were 5.8 and 6.2. Changing the urinary pH or concentration had no evident effect on zinc, cadmium, manganese, nickel or silver excretion which usually differed by no more than 30 per cent from the mean of the same individual's 12 "ordinary" specimens. Possible changes were confined to molybdenum, lead, vanadium and tin. The molybdenum content was between 20 and 50 ug. per L. of urine in 10 of the 12 routine specimens and in all the basic and concentrated specimens, whereas in the four acidic and the two dilute specimens it Mean urinary excretion of nine metals for was between 7 and 11 ,ug. per L. There was less lead in each one of the four acidic urines than in any of the other specimens. Similarly there was more tin in each of the four basic urines than in any of the other specimens. The very large range of vanadium concentrations in the 12 "ordinary" urines made it impossible to evaluate the sixfold difference between the concentrated and dilute urines.
Part III of Table III lists the mean concentrations of the same metals in the urines of 12 hospitalized African Negroes. The standard error of the mean, the range of concentrations, and the number of samples in which a metal was too dilute to assay are also tabulated. Comparing single specimens from sick Africans and 24 hour collections from healthy Americans is difficult. In addition the smaller aliquots of African urine decreased the sensitivity of the method. The ranges of silver, tin, vanadium, lead, molybdenum, and cadmium concentrations were not obviously dissimilar for the Africans and the Americans, despite differences in their mean concentrations. In (4) . The cause for the unsatisfactory titanium assay is not obvious. Although graphite is frequently contaminated by vanadium, it seems unlikely that such contamination played a major role in the relatively great variability among the 10 replicate vanadium analyses, since the metal was not found in the artificial urine to which it had not been added and since its standard working curve was linear.
The very real problem of contamination has been thoroughly reviewed (5) . Wet ashing is the most dubious step. The required reagents are liable to introduce positive contamination; nitric acid is particularly difficult to free from metal impurities. Failure to detect transition or related metals when none was intentionally added to the artifical urine indicated that there was no serious positive contamination. Glass may adsorb metals which can later be eluted; etched beakers were avoided in an effort to minimize adsorbtion. The relatively constant analytic results for a single artificial urine with added metal and the essentially linear standard working curves suggested that negative contamination was not a major problem. With dissimilar urines accuracy would presumably be somewhat less.
As used here 8-hydroxyquinoline has been found to precipitate titanium, molybdenum, iron, cobalt, nickel and zinc quantitatively; thionalide precipitates any remaining manganese, copper, silver, cadmium, tin and lead; and tannic acid completes the precipitation of vanadium and chromium (2) . Presumably the combination of these three metal-binding agents would precipitate all the elements in the fourth period from titanium (atomic number 22) to arsenic (atomic number 33). Moreover, the corresponding elements of the fifth and sixth periods would probably be precipitated similarly.
The urine of normal American adults contained measurable amounts of transition and related elements. Excretion of iron, copper, zinc, molybdenum, manganese and cobalt was expected since they are essential trace elements. All but cobalt were found, and presumably its apparent absence was due to insensitivity of our method since Harp and Scoular have reported that the daily renal excretion approximated 5 ,ug. (6) , an amount which is well below one-twentieth of what we added as an internal standard. On the other hand, titanium, vanadium, chromium, nickel, silver, cadmium, tin and lead have no known biologic function, although each was found in every urine specimen. Tipton and co-workers observed measurable quantities of all these metals, except vanadium, in many adult human tissues from this country (7); moreover the other nonessential transition metals which they did not find in tissues (7) were not observed in the urine.
The age and geographic origin of human beings affect not only the concentrations of cadmium, in their kidneys (8) but also of other metals in many organs (9) . The urine of non-Westernized African natives was examined because such people presumably had less exposure to metals. The source and the significance of their excreted nickel is not evident; no obvious means of contamination with this metal was found.
For most of the metals considered here, few excretion studies in man are available. Published data on urinary zinc approximate our findings. In the urine of normal individuals McCance and Widdowson found an average of 0.3 mg. of zinc per day; they also found that neither oral nor parenteral administration of zinc increased its renal excretion, although proteinuria was accompanied by a sevenfold increase in zincuria (10 of urine (13) .
The level of cholesterol in human plasma falls following parenteral Na2CaEDTA (1) . Since this compound is not metabolized in vivo (14) , its effect is presumably related in some way to its ability to chelate metals. Except for cobalt, the renal excretion of the entire first transition series of elements from titanium through copper has been investigated following the administration of Na2CaEDTA. Urinary concentrations of titanium and chromium were only roughly approximated. The concentrations of iron and copper were previously reported for one of the patients (3). Na2CaEDTA apparently increased the excretion of manganese, vanadium and iron; however, the most striking effect was the increased excretion of zinc wlhich is not a transition metal. Cadmium and lead, which are also not transition metals, were somewhat affected.
There was no excessive zincuria in our only patient with proteinuria (3); however, improvements in the assay technique have required revisions in the previously published niickel and lead excretions before, during and after Na,CaEDTA.
The tabulated nickel concentrations must be revised slightly upward and the lead concentrations must be multiplied by approximately 100. The very low cadmium concentrations which were reported in the same patient were obtained by using the 2,288.0 A cadmium line; his delayed increase in cadmium excretion following Na2CaEDTA is striking (3).
